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ABSTRkCT

Cultivated guinea pig peritoneal macrophages were infected with

radiolabeled phase I Coxiella burnetii, in order to assess the

intracellular distribution of ingested rickettsiae. Localization of

organisms was determined by fractionation of macrophage homogenates by

equilibrium density centrifugation on sucrose gradients. Macrophages

isolated from either noninmune or immune guinea pigs and infected with

C. burnetii opsonized with immune serum yielded equilibrium density

distributions for rickettsiae similar to lysosomal enzyrmes, suggesting

sequeszration within macrophage lysosomes. To confirm these observations

nonimmune or immune guinea pigs were injected with Triton WR-1339 prior

to macrophage harvest to decrease the density of macrophage lysosomes.

Triton-laden macrophages infected with opsonized rickettsiae resulted in

equilibrium density distributions for lysosomal enzymes and organisms in

less dense regions of the gradient. In contrast, when either nonimmune

or i nune macropihages we!re infectad in the presence of normal guinea pig

seru:m, the distribution of labeled rickettsiae in the gradient did not

correspond with lysosoiies. We conclude that in the absence of immune

serum, ingestad C. burnetii are not sequestered within macrophage

lysosomes. Phagolysosomal fusion and subsequent degradation of rickettsiae

within the lysosomes of the macrophages appear to occur only when C.

burnetii are opsonized with immune serum.

....- .... i. _ .. .. ...-, -
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Coxiella burnetii is an obligate intracellular parasite w¢hich

causes Q fever in man and a number of other animals (for review see

ref. 17). The pathogenesis and the mechanisms of immunity of this

disease are not well understood. Two host-controlled variants of C.

burnetii designated phase I and phase II have been described (29).

In natur9 or in laboratory animals C. burnetii exists in the phase I

state. Repeated passage of phase I organisms in embryonated chicken

eggs results in their gradual conversion to phase II. In vitro

studies have shown that phase I and phase II rickettsiae have different

viabilities in guinea pig peritoneal macrophages depending on both the

immunological status of the animal from which the macrophages are harvested

and on whether nonimmune (normal) or immune serum is used in the assay

(19, 20). For the experiments described here, only phase I organisms

were employed.

Previous in vitro studies have shown that phase I C. burnatii which

had been pretreated with either nonimnmune or immune serum was

phagocyiized by macrophages harvested from both nonimmune and immune

guinea pigs (20). However, after ingestion, phase I C. burnetii which

had been rectreated with nonimnune serum multiplied in and destroyed

both nonimnuiie and iimmune macrophages (20). In contrast, when phase I

C. burnetii were pretreated with immune serum, they were destroyed by

both nonimmune and immune macropliages (11, 18-20). Although irnune serum

does not appear to have a direct rickettsiacidal action on C. burnettii

(1) or other rickettsiae (7, 13), it has been shown to modify infection

when passively transferred to noniMMuIune animals (1). The mechanism by

which immune serum modifics infectioun when passively transferred to

nonimmune animals or potectiates the destruction of phase I C. burnetii

in both nonimmune and immune macrophages is not known. The experiments
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described here were initiated in an attempt to provide more insight

on the mechanism by which immune serum potentiates the intracellular

destruction of phase I C. burnetii in guinea pig peritoneal macrophages.

A:



5

MIATIM1ALS AND METHODS

Tile Checmicals, animals, culture and radiolabeling, of rickettsial

stock suspension, preparation of guinea pig peritoneal macrophages,

infection of macrophage cultures with radiolabeled rickettsiae, UV

light irradiation of infected macrcphage cultures, homogenization of

guinea pig peritoneal macrophages, fractionation of macrophage

cytoplasmic extracts on linear sucrose gradients, determination of

enzyme and radioactivity, and presentation of results were all as

previously described (23). For a schematic review of the experimental

pre-tocol1, see FPie. 1.

Tn a6dHioan, for experiments utilizing macrophages from immune

animals, macropliages were harvested from guinea pigs whith were immunized

intraperitoncaily (i.p.) at 4-week intervals with 0.2 ml of an organism

suspension containing approximately 10 formalin-killed phase II C.

burnetii.

Finall y, for experiments wheiee macrophage lysosomes were preloaded

with TritIon ;..'-1339 (R1ygar Chemiicai Co., Ivington, N.Y.), peritoneal.

e xucate cells s r~cll1czed 4 J'ays afLter guinea pigs were injected i.p.

witn 20 ml of a solution containing- 1.5,. (w/v) sodium caseinate and 2.5%*.

(v/v) Triton I...-l33,) in normal saline.
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Fig. 2A sho :s an equilibriu.- densi., nrofile cf the macrophage

postnuclear supernatant obtained from i-mune macroohages which had

been infected with radiolabeled phase I C. burnetii. For simplicity,

only the profiles of two lysosomal marker enz'.mes and radioactivity

are shown. Profiles of radiolabeled ohase I C. burnetii and other

macrophage organelle marker enzymes were shown previously (23). As

shown in Fig. 2A, the radioactivity (solid line) representing the C.

burnetii and the lysosomal marker enzymes peaked in the same fractions

of the gradient, suggesting that under these conditions C. burnetii

were associated with the lysosomes. However, phase I C. burnetii and

lysosomes have siniiliar densities in ailkaline sucrose (23). Hence, it

was necessary to alter experimentally the equilibrium density of macrophage

lysosomes in oraer to substantiate our conclusions. To alter the

density of lysosomes, immune guinea pigs were injected with Triton VR-

1339 prior to macrophage harvest. Triton ,R-i339 is a nondegradable

detercent '-hi .as been shown to accuMuate in lysosomes and consecuentlv

de,:roase their a2uilibrium esit. (2, 31). Conditions in Fig. 2B -. ere

identical tD Ti.. -A e::et: hat Ifmune uinen pigs were injected i.

with Triton ..- 1339 p)rior to macrc~phnne har-.'est to decrease the density

of the macrophage lysusomcs. As shown, this treatment shifted both

lysosomal marker enzymes to a liter recion of the gradient. In

addition, the rudiolabelcd C. bur:-etii -. so shifted, thus supportin,. the

conclusion thar phnoc.tosis of phase I C. btirnetii in the presence of

immune serum b :,ic-opha ,;,s har.'ested 1.om immune guinea pigs, results

in sequestrati n o; the riczettsi-e in lsosoaes.

Fr,;. 2C sho,:s lyssomai enz,:-:e ind radioactivity profiles from

immune macropha-es infected in the presence ot normal serum with
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radiolabeled phase I C. burnetii. Once again, the radioactivity

representing the phase I C. burnetii banded in the same region of the

gradient as the macrophage lysosomal marker enzymes. However, in this

case, when the lysosomes were shifted to a ligher density (Fig. 2D) with

Triton T,-1339, the radioactivity did not shift, suggesting that in the

presence. of normal serum, phase I C. burnetii are not sequestered within

the lysosomes of immune macrophages.

Similar experiments were also conducted with macrophages harvested

from nonimmune guinea pies. Equilibrium density profiles of lysosomal

enz-.-mes from nonimmune macrophages infected with radiolabeled phase I C.

burnetii in the presence of immune serum are shown in Fig. 3A. The

rldioactivity banded i he same region of the gradient as the lysosomal

enzymes. When these nonimmune guinea pigs were treated with Triton WR-

1339 prior to macrophage harvest, the macrophage lysosomal enzymes and

te radioactivity shifted to a lighter region of the gradient (Fig. 3B).

Tlis observation suggests that opsonized phase I C. burnetii also become

seutie :tered within lysosomes of nonimmune macrophages.

T7e final set of experiments examined the intracellular localization

of phase I C. hurn'etii in nonimmune macrophages in the presence of normal

serum. The results of these experiments were not as easily interpreted

as the previous ones. In the presence of normal serum, nonimmune

macrophages phagocytized considerably less labeled C. burnetii (11, 18,

20). As a result, the amount of radioactivity in each fraction was only

slightly above background. When macrophages from noninmune guinea pigs

were infected with phase I C. burnetii in the presence of normal serum,

the radioactivity appeared to be in the same region of the gradient as

the lysosomal enzymes (results not shown). After treatment with Triton

WR-1339, there did not appear to be a shift of radioactivity. These

.........................--.-- **-



results suggest that in the presence of normal serum C. burnetii was

not sequestered in the lysosomes of nonimmune macrophages.

DISCUSSION

Previous in vitro studies have shown that immune serum potentiates

the destruction of C. burnetii (18-20) and other rickettsiae (12, 14) in

macrophages. The mechanism by which this occurs, however, is not known.

We have presented data which show that immune serum potentiates

phagosome-lysosome fusion in macrophaues harvested from both nonimmune

and immune guinea pigs. It is assumed that antibody is the constitutent

of the inrnune serum which in some une:xplained manner permits fusion of

lysosomes with phagosomes resulting in subsequent degradation of C.

burnetii within the phagoiysosome.

The serum in these studies was heated for 30 min at 56°C, indicating

that complement was not responsible for the observed results. It is

possible, however, that the immune serum contained soluble products or

activated lymphocytes. inue these have been shown to inhibit the

intracellulur grovu-h of C. burneii in cultures of nonimmune guinea pig

peritoneal macr)nilag, s 9), their presence in the immune serum could be

responsible for our resuits.

It should hu noted that in vitro and in vivo results for both C.

burnutii and Ricbett ;ia akarL do not correlate. In vitro, nonantibody-

coated C. burn,,-ii (L8, 20) and R. akari (14) are both degraded by

macrophaes. In- ,ivo, however, complete clearing of these infections

does not occur in athymic nice even in the presence of antibody (14,

16), thus suggcstin-, that functional. T lymphocytes are required for

complete clearance.
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In support cnf this suggestion arc the observations by Iliarns and

Jerrells (9) w-,hich show that immune lymphocy'tes or their soluble iroducts

are capable of inhibiting the intracellular growth of C. burnetfi in

nonimmune macrophages. In addition, it has been shovwn that macrop hages

activated in vitro by lymphokines were capable of suppressing tne -roc'~:h

of Rickettsia tsutsugamushi in the absence of snecific antibody (25).

Other investigators have shown enhanced phagocy-tosis, bacteriostattc, or

even bactericidal effects of macrophages in the presence or sensitized

4 lvrmohocvtes or soluble products of activated lymphocytces (6, 24. 26-2S).

one poss ible explanation for the discrepancy in the in vtoand

in vivo rosuits may be thar macrophages, recruited in vivo in response

to sodium caseinate or mineral oil, may be activated and therefore more

capable of killing- antibodv-coated rickettsiae (3). It is also possi>--e

that lymphocyte contamination of the macrophage cultures or their

soluble products could be responsible for activating the macropnages.

W e used only ainotrent cells wiAth 1K or less contamination by lymphocytes,

but tho rolu of sensitized lymphocytes or the soluble products of

aictivated lv:oovsmust a taen into accountC.

A\S discussond uar Liar uS1) it aplnoars that in vivo both humoral anad

cellular aspects oF ilamrunity ;ire responsible for complete clearanuce of

C. burnetii. WNe have attermiitod to provide insight on the immoral

aspect, but c.-nnOt exclude possible cointribut ions from the cellular

components of i:-mran'ity. W o have shown., hIowCver, that the role of immune

serumn is to potonrti i te fineee-vooeusion and permit subso2quent

degradat ion of C. hitrncti i in ph.iagelVSosome1CS. Other reOports suggest

that the ability o'L ccrt i~n intrace Iliii r path10ons to prev-ent ph-agosone-

lvsoskomie fusion iLa matcroph.aics inay he2 impor-ta-nt for their intracello br

survival (2-4, S, 10, 21, 32).
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FIGURE LEGENDS

FIG. 1. Flow diagram of the experimental fractionation protocol[

C. burnetii-infected macrophages.

FIC. 2. Distribution arofiles of two lvsosomai marker enzymes

(N-acet'.'i-,-glucosaminidase (GLCNAC) (--), a-galactosidase (GAL) (...)

and radioactivity (TRACER) in sucrose gradients. A. From immune

macrophages infection with radiolabeled phase I C. burnetii in the

Dresence of immune serum. B. From Triton-loaded immune macroDhaaes

in>-c-ed wi-h radioiabeied ohase 1 C. burnerii in -he presence of i-=.-zne

serum. C. From immune macroDhaues infected with radiolabeled Dhase I

C. burnetii in the presence of normal serum. D. From Triton-loaded

immune macrophages infected with radiolabeled phase I C. burnetii in the

presence of normal serum. Results are presented in the form of normalized

and avera ed freauencv histoarams. The density scale, divided into 15

norn a!jzd fractions of identical density increment, extends from 1.10

t._.2. ihe frequencv roaresents L/(ZQia), where Q is the amount of

co:a nt Dt";, witiin the setion. and .Q the sum of the amounts

foiud in all the -ubfractioils. T', surface area of each historam bar

then {ives the flractional amount of constituent present within each

normalized fraction. A s eual. to 0.0113 density units. Distribution

profiles are flanked on either side by blocks arbitrarily constructed

over the density spans 1.0') to 1.10 Md 1.25 to 1.30 and refer to material

recovered above and below the linear limits of the radint. The total

area of each hi:stofram is then eCOual to i. The numbers in the upper

right hand corner of' each Fiturc renrosOnt the % rocoverv of enzyme

act ivitv.



FIG. 3. Same as Fi_. 2 except (A) is from nonimmune macronhazes

infected with radiolabeled phase I C. burnetii in the presence of

immune serum and (B) is from Triton-loaded nonimmune macrophanes

infected with radiolabeled phase I C. burnetii in the presence of irnzune

serum.
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SUPERNATANTS ON LINEAR7 SUCROSE GRADIENTS

COLLECT FRACTIONS

ASSAY FOR ORGANELLE MARKER ENZYMES
AND RADIOACTIVITY
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